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ABSTRACT 

A  study  of  tha  major  solar  proton  ovants  skica  1 955  has  shown  that  tha  larga 
fluanca  avants  ara  lUcaiy  to  ba  associatad  with  a  solar  flara  sourca  naar  tha  can- 
tral  maridian  of  tha  sun  whila  tha  avants  with  larga  paak  proton  fkjx  ara  iikaiy  to 
ba  associatad  with  soltf  flaras  naar  tha  wast  iknb  of  tha  sun.  Wa  compara  tha 
solar  proton  avants  to  tha  maasuramants  of  nhrata  eoncamrations  in  tha  Antarc¬ 
tic  ica  and  find  that  tha  iargast  concantrations  ara  associatad  with  tha  major  flu- 
anca  avants.  From  thasa  rasults  wa  ara  abla  m  assign  a  probabla  solar  proton 
evant  sourca  to  thraa  of  tha  major  paaks  in  tha  nitrata  racord  prior  to  1 955. 


1.  DATABASE 


Tha  longast  homoganaous  racord  of  solar  proton  avants  is  that  darivad 
from  cosmic  ray  maasuramants.  Batwaan  1 933  sthI  1 953  cosmic  ray  maasura- 
mants  wara  obtainad  by  ionization  chambars  rasponding  primarfly  to  tha  muon 
componant  which  for  solar  cosmic  rays  raprasants  a  thrashold  of  4-5  GV.  Four 
GLEs  wara  raportad  batwaan  1 942  and  1951  usir thasa  datactors. 

SirKa  1953  routina  cosmic  ray  rnaasuramams  hava  baan  obtainad  from 
nautron  monitors.  High  iatituda  nautron  monitors  racord  tha  cosmic  ray  intensity 
abova  ~  1  GV  which  is  a  considarably  lowar  thrashold  than  tha  threshold  of  a 
muon  detector.  There  hava  baan  50  ground-lavai  anhancamants  recorded  by 
neutron  monitors  since  tha  start  of  routina  maasuramants  in  1 953. 


In  reviewing  tha  GLE  data  ac¬ 
quired  since  1942,  Smart  and  Shea 
(1991)  ranked  tha  events  according 
to  the  maximum  ampKtucte  increase 
recorded  at  tha  cosmic  ray  station 
having  an  asymptotic  cone  of  accep¬ 
tance  viewing  into  tha  probabla  in¬ 
terplanetary  magnetic  field  direction. 
This  ranking,  together  with  tha  loca¬ 
tion  of  tha  solar  flara  associatad  with 
tha  proton  acceleration  is  given  in 
Table  1. 


Table  1.  Largest  GLEs  (1955-1992) 
UswH)  tha  Paak  Flux  Criterion 


Rank 

Date 

Flare  Location 

1 

23  Feb  1956 

23  N 

80  W 

2 

19  Nov  1949 

2S 

70  W 

3 

29  Sap  1989 

24  S 

-105  W 

4 

25Jui  1946 

22N 

15  E 

5 

28  Feb  1942 

7  N 

4  E 

6 

7  Mar  1942 

7N 

90  W 

7 

4  May  1960 

13  N 

90  W 

8 

7  May  1978 

23  N 

72  W 

Although  routine  spacecraft  maasuramants  of  solar  proton  intansitias  did 
not  commence  until  fate  1 965,  several  attempts  hava  baan  made  to  estimate  tha 
solar  proton  fluanca  for  tha  major  events  of  the  19th  cycle.  A  summary  of  tha 
largest  fluanca  events  from  Shea  arxi  Smart  (1990)  and  Shea  at  al.  (1992)  is 
given  in  Tabla  2.  All  avams  with  a  fluanca  >  5  x  10^  abova  10  MaV  ara  listed. 
Tha  avants  listed  in  Table  2  do  not  include  any  amrias  prior  to  tha  1 9th  solar  cy¬ 
cle  since  fluanca  data  hava  not  baan  derived  for  those  avants. 
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Tabia  2.  Laroatt  Solar  Proton  Ruanca  Evanta  (E  >  10  MaV)  •  1955-1992 


BlOk  git 9  Ruana  Solar  Circumstances 


1 

12-15 

Nov  1960 

3.4x  lO'O 

Flares 

4W  -35W 

Major  GMS 

2 

19-30 

Oct  1989 

1.9  X  10^0 

Flares 

9  E  -  81  W 

Major  GMS 

3 

10-17 

Jd  1959 

1.5  X  10^® 

Rares 

60  E  -31  W 

Major  GMS 

4 

2-  7 

Aug  1972 

1.1  X  10^0 

Flares 

35  E  -37W 

Major  GMS 

5 

22-26 

Mar  1991 

9.6  X  10* 

Reres 

29  E  -26W 

Major  GMS 

6 

12-18 

Aug  1989 

7.6  X  10* 

Flares 

36  W  -88W 

Mod.  GMS 

7 

10-12 

Mav1959 

S.5X.10* 

Rares 

47  E  -26E 

Mod.  GMS 

2.  SOLAR  LOCATION  OF  ASSOCIATED  REGION 

From  an  Inapaction  of  Tabla  1  wa  nota  that  four  of  tha  avanta  occurred 
prior  to  tha  19th  aolar  cyda.  Tha  other  four  avanta  haviiHi  a  large  peak  proton 
flux  are  not  Bated  in  TaMa  2.  From  Tabla  1  we  alao  nota  that  tha  majority  of 
avanta  with  a  large  peak  proton  flux  are  assodatad  with  aolar  flaraa  on  tha 
waatem  hamiaphara  of  tha  sun  (or  slightly  behind  tha  western  limb).  These 
events  are  typified  by  a  rapid  increase  to  maximum  intensity  followed  by  a 
smooth  decay:  the  earth  is  usually  not  in  a  good  position  to  be  severely  im¬ 
pacted  by  any  associated  interplanetary  shock. 

Tha  events  listed  in  Table  2  are  primarily  from  what  wa  call  episodes  of 
activity  •  a  period  whan  otm  active  sdar  region  crosses  the  solar  disk  during 
which  several  powerful  solar  flares  ganerata  a  sequence  of  solar  proton  events, 
intarplanetary  shocks,  arxi  subsequent  geomagnetic  disturbances.  Quite  often 
tha  succession  of  intarplanotary  shock  structures  re-accalerates  tha  already  en¬ 
hanced  sdar  proton  flux  to  higher  energies  than  were  originaiiy  present.  The 
August  1972  series  of  events  is  an  excellent  example  of  a  sdar  proton  flux  at 
tha  earth  being  enhanced  with  tha  arrival  of  tha  interplanetary  shock  wave  (Levy 
et  ai.,  1976;  Smart  at  al.,  1990).  Ground-lavd  events  occurred  for  all  the 
events  in  Table  2  except  for  tha  March  1 991  and  May  1 959  sequences  of  activ¬ 
ity;  however,  the  peak  relativistic  sdar  proton  flux  for  each  of  those  events  did 
not  meet  the  peak  flux  amplitude  necessary  to  be  included  in  Table  1 . 

Major  geomatpwtic  activity  occurred  in  association  with  ail  of  the  sdar 
flares  and  proton  events  listed  in  Table  2.  We  have  used  the  Ap*  index  to  eval¬ 
uate  the  magnitude  of  the  geomagnetic  disturbances  (Allen,  1982).  The  ap  in¬ 
dex  is  a  linearization  of  the  pseudo-logarithmic  Kp  ntdex  and  is  derived  for  each 
three-hour  interval.  The  Ap*  index  is  derived  using  a  runnfatg  mean  to  establish 
the  nKMt  disturbed  24-hour  period  (instead  of  a  standard  UT  day).  This  index  is 
available  from  1932  to  the  present  time.  Any  24-hour  period  with  an  Ap*  index 
>  40  is  considered  to  be  a  magnetically  disturbed  period. 

Uskig  the  Ap*  index,  we  firtd  tint  the  first  six  sequences  of  activity  in 
Table  2  have  Ap*  values  >  150  irKflcating  an  extremely  disturbed  period.  These 
events  rank  in  the  top  45  events  on  this  list  for  the  20  year  period.  The  24-hour 
period  commencing  2100  ITT  on  12  November  1960  has  an  Ap*  value  of  293 
and  is  No.  2  on  the  Bat.  The  remaining  two  evems  (No.  6  and  7  in  Table  2)  are 
assodatad  with  moderate  geomagnetic  disturbances  with  Ap*  values  of  77  and 
113  respectively. 

From  this  we  conclude  that  sdar  proton  events  with  major  fluences  tend 
to  be  assodatad  with  solar  activity  near  the  centrd  meridian  of  the  sun;  those 
events  with  large  peak  proton  fluxes  tend  to  be  associated  with  sdar  activity 
near  the  western  limb  of  the  disk. 


3.  EVENTS  PRIOR  TO  1955 


It  is  difficult  to  detsrmins  solar  proton  Austko  for  svsnts  prior  to  1955. 
Two  of  ths  svsnts  in  Tabis  1  arc  associatad  with  solar  activity  nsar  ths  csntrai 
tnsridian  of  ths  sun;  thsrsfbrs  it  appsars  rsasonabis  to  assums  that  thsss  flarss 
wars  part  of  activity  saqusncaa.  Ths  25  July  1946  flars  was  ths  progenitor  of 
ths  gsomagnstic  storm  on  26>27  July  with  an  Ap*  vahis  of  212  (No.  19  on  ths 
Ap*  list).  Ths  28  Fsbruary  1942  svsnt  appsars  to  ba  assodatsd  with  an  Ap* 
vahjs  of  132  on  1-2  March.  Ths  GLEs  on  28  Fsbruary  1942  and  24  July  1946 
have  been  ths  only  GLEs  attributed  to  solar  flares  near  the  central  merkfian  of 
the  sun  that  produced  an  increase  on  the  ionization  chambers  or  the  muon  tele¬ 
scopes.  Consequently  we  conclude  that  these  were,  indeed,  major  solar  proton 
events. 


4.  RESULTS  FROM  THE  ANTARCTIC  SNOWS 

Figure  1  shows  the  peaks  in  nitrate  concentrations  in  ice  core  samples 
taken  in  Antarctica  (Dreschhoff  at  al.,  1 993).  Throughout  several  core  samples, 
there  are  persistent  peaks  at  1928,  1946,  1959  and  1972;  the  peak  at  1909  is 
present  in  the  only  sample  analyzed  that  indudes  snow  back  to  1905.  The 
peaks  in  1 959  and  1 972  coindde  with  large  solar  proton  fluence  events.  The 
1 946  peak  coir^es  with  a  major  high  energy  solar  cosmic  ray  event  attributed 
to  a  white  light  flare  at  the  central  meridian  of  the  sun  and  subsequently  assod- 
ated  with  a  major  geomagnetic  storm. 


z 

s 


Figure  1.  Nitrate  cotKerttretions  in  ice  core  sarrtples  taken  in  Ant»ctica. 

Solar  proton  events  that  occur  when  the  Antarctic  polar  vortex  is  present 
ate  more  likely  to  be  identified  by  the  nitrate  method  than  events  that  occur 
when  the  polar  vortex  circulation  pattern  is  absent  The  polar  vortex  is  present 
primarity  from  June  throuj^  August;  however,  the  duration  of  the  Antarctic  polar 
vortex  is  highly  variable  year  to  year  and  has  been  known  to  start  as  earty  as 
May  and  extend  into  November.  The  major  sdar  proton  events  in  1946,  1959 
and  1972  occurred  during  the  austral  winter  months  when  we  expect  the 
Antarctic  polar  vortex  to  exist.  Since  the  event  in  1946  was  assodatad  with  a 
m^  geomagnetic  storm,  and  since  the  ionization  chambers  recorded  increases 
of  the  order  of  15-20%  from  this  central  meridian  flare  (something  that  has  not 
been  equalled  from  any  other  central  meridian  flare  in  recant  tknas),  we  conclude 
that  the  event  in  July  1946  was  not  only  a  major  solar  proton  fluence  event  but 
probably  contained  more  parddes  than  the  November  1960  activity  sequence. 
Thus  we  rata  July  1946  as  the  largest  sdar  proton  fluence  event  since  1942. 


Roudm  «oiar  flara  observations  startsd  in  1932  with  tho  dsvolopniont  of 
tha  spsctrohaioscopa  and  tha  organiaation  of  tha  lAU  solar  flara  patrol  by  Hals 
(1931).  Prior  to  that  tkna  only  an  occMional  solar  flara  was  obsarvad  sHhar  in 
whita  Rght  or  by  usirHl  a  apactrohaMograph.  Tharafbra  wa  must  turn  to  thasa 
non-homoganaoua  solar  records  and  proxy  aourcaa  such  as  tha  gaomagnatic  pa- 
ramatars  to  datarmina  if  tha  nitrata  paaks  in  1928  and  1909  can  ba  relatad  to 
solar  activity. 

As  nnantionod  pravioualy  tha  Ap  bidax  startad  in  1932.  Howavar,  tha  ga- 
omagnatic  aa  index,  which  quiaitifias  gaontagnadc  activity  based  on  two  antipo- 
dai  stations  has  axistad  since  1868.  As  with  tha  Ap*  index,  an  AA*  vahia  can 
ba  derived  from  ruruung  means  to  datarmina  tha  most  dteturbad  24-hour  period. 

Using  tha  AA*  Rat  wa  find  a  maior  gaomagnatic  disturbance  on  July  7-8, 
1928;  this  avam  ranks  as  tha  tenth  largest  for  tha  122-yaar  record.  Sunspot 
drawings  on  July  6  and  7  by  H.H.  Qayton  of  Canton,  Massachusetts  and  the 
Greenwich  records  show  a  massiva  sunspot  region  just  asst  of  cantrai  meridian. 
Wa  assuriM  this  was  tha  region  assodatad  with  tha  gaomagrtatic  storm,  and  we 
further  assume  it  was  tha  source  of  a  major  solar  proton  event.  For  1909  we 
Kkawisa  find  a  major  gaomagnatic  storm  on  Saptenibar  25-26;  this  storm  ranks 
No.  8  on  tha  AA*  list  with  a  vakia  of  333.  Howavar,  for  this  avant  thara  is  a 
record  of  a  solar  flara  on  24  Saptambar  at  8  W  (Newton,  1943).  It  is  possible 
that  this  solar  activity  may  have  also  produced  a  major  proton  avant.  Additional 
Antarctic  snow  core  saiiiplas  are  necessary  to  ve^  tha  reality  of  tha  1909 
peak. 

At  tha  present  tinna  tha  events  of  tha  22nd  solar  cycia  are  mo  meant  to  be 
varifiad  by  multipia  detection  in  compactad  stmw  saquancas.  Howavar,  prelimi¬ 
nary  maasuroments  irKiicate  a  peak  in  1989. 

5.  SUMMARY 

Wa  have  found  that  tha  solar  proton  events  with  large  peak  fluxes  as 
maasurad  by  ground-based  cosmic  ray  detectors  am  primarily  associated  with 
solar  activity  at  or  near  tha  wastam  disk  of  tha  sun.  Solar  proton  events  with 
large  fluancas  am  primarRy  associated  with  solar  activity  near  tha  solar  cantmi 
meridian  which  is  subsequently  related  to  a  major  geomagnetic  storm  a  day  or 
two  later.  The  ice  com  measurements  in  tha  Antarctic  have  led  us  to  select  tha 
proton  event  on  25  July  1946  as  the  probable  largast  solar  proton  fluenca  evem 
skica  1942.  Tha  use  of  historic  solar  observations  and  gaomagnatic  records 
coupled  with  tha  nitrata  maasuremants  in  tha  ice  com  samples  have  aided  in  tha 
idantification  of  major  events  in  1909  and  1928.  it  is  anticipated  that  even  ear- 
Har  events  ntight  ba  identified  in  this  manner. 
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